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© The present invention aims at providing an ap- 
paratus for and a method of forming low-temperature 
oxide films, which are capable of forming an oxide 
film at a low temperature and preventing the diffu- 
sion of impurities from the outside. The apparatus 
for forming an oxide film at a low temperature is 
characterized in that it has an oxidation furnace 
provided with a gas supply port and a gas discharge 
port, a heater for heating the oxidation furnace to a 
predetermined temperature, and a gas supply sys- 
tem disposed upstream of the oxidation furnace and 
provided with a means for adding an arbitrary quan- 
tity of water or a means for generating an arbitrary 
quantity of water. 
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Technical Field 

The present invention relates to an apparatus 
for .forming low-temperature oxide films and a 
method of forming low-temperature oxide films 5 
which are capable of forming an oxide film on a 
sample at low temperatures, and in particular, re- 
lates to an apparatus for forming low-temperature 
oxide films and a method of forming low-tempera- 
ture oxide films which are capable of forming high- 10 
ly pure oxide films at low temperatures when for- 
ming oxide films on substrates in semiconductor 
manufacturing processes or the like. 

Background Art 75 

Silicon oxide technology is one of the fun- 
damental technologies in silicon device manufac- 
turing processes; a large amount of research has 
been conducted in this field. However, the fact that 20 
research is being widely conducted even at present 
into topics ranging from surface problems to ap- 
plication indicates that silicon oxide technology has 
not yet been perfected. 

In concert with miniaturization, the characteris- 25 
tics of devices are liable to be influenced by crystal 
defects in the substrate, and furthermore, as the 
diameter increases, twisting or warping in the sili- 
con wafers leads to a worsening of the precision of 
reticle alignment, and an increase in process per- 30 
formance becomes difficult It is thought that these 
problems will be exaggerated by the high tempera- 
ture heat treatment of silicon substrates. Further- 
more, in high temperature processes, the diffusion 
of impurities from the outside, and the like, is likely 35 
to occur, and ideal surfaces and thin film formation 
become difficult. 

A decrease in temperature of the semiconduc- 
tor processes is an effective method of solving 
such problems, and a reduction in the temperature 40 
of silicon oxide film formation is an important ob- 
jective. 

Presently, the formation of silicon oxide films is 
conducted by means of dry oxidation at high tem- 
peratures of 800 * C or more, and by means of wet 45 
oxidation, in which hydrogen is caused to combust 
in an oxygen atmosphere at a temperature of 
700 *C or more, water vapor is generated, and 
oxidation occurs. It is known that in comparison 
with dry oxidation, the growth rate of the oxide film 50 
is higher in wet oxidation. Accordingly, wet oxida- 
tion was more effective when forming oxide films at 
low temperatures using conventional technology. 
However, in wet oxidation, since the combustion of 
hydrogen is carried out, the temperature must nec- 55 
essarily be that of the combustion of hydrogen, 
700 °C, or more. 



Furthermore, oxidation processing is conducted 
under high pressure in order to form an oxide film 
having a greater film thickness at low temperatures. 
However, because a double walled structure com- 
prising a quartz oxidation furnace and a stainless 
steel furnace was employed in such cases, impuri- 
ties passed from the inner surface of the stainless 
steel through the quartz and were diffused, so that 
it was difficult to form highly pure oxide films. 

Accordingly, in the conventional oxidation 
methods, large problems were caused by high 
temperature processing at temperatures of 700 • C 
or more and the fact that as a result, impurities 
passed through the quartz tube from the outside, 
and were diffused, and thus a highly pure at- 
mosphere could not be formed. 

The present invention has as an object thereof 
to provide an apparatus for forming low-tempera- 
ture oxide films and a formation method which are 
capable of forming oxide films at low temperatures, 
and furthermore prevent the diffusion of impurities 
from the outside. 

Disclosure of the Invention 

The apparatus for forming low-temperature ox- 
ide films in accordance with the present invention 
is an apparatus for forming oxide films at low 
temperatures, characterized in being provided with: 
an oxidation furnace possessing a gas supply port 
and a gas exhaust port; a heater for heating said 
oxidation furnace to an arbitrary temperature; and a 
gas supply system disposed upstream of said oxi- 
dation furnace and provided with a mechanism for 
adding an arbitrary quantity of water or a mecha- 
nism for generating an arbitrary quantity of water. 

The method of forming low-temperature oxide 
films in accordance with the present invention is 
characterized in comprising: a gas supply process 
for supplying a gas containing water and oxygen to 
the interior of the oxidation furnace of an apparatus 
for forming low-temperature oxide films comprising 
an apparatus for forming oxide films at low tem- 
peratures provided with an oxidation furnace having 
a gas supply port and a gas exhaust port, a heater 
for heating the oxidation furnace to an arbitrary 
temperature, and a gas supply system disposed 
upstream of the oxidation furnace and provided 
with a mechanism for providing an arbitrary amount 
of water or a mechanism for generating an arbitrary 
quantity of water; and a thermal oxidation process 
for heating and oxidizing a sample within said 
oxidation furnace. 

Function 

The apparatus for forming low-temperature ox- 
ide films in accordance with the present invention 
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is capable of conducting the thermal oxidation pro- 
cess in a highly pure manner and at high pressures 
of 1 kg/cm 2 or more, as a result of the fact that the 
oxidation furnace and the gas supply system com- 
prise metallic materials and that a mechanism is 
provided for generating water vapor at low tem- 
peratures. Accordingly, a mixed gas of water vapor 
and oxygen is supplied to the oxidation furnace at 
low temperatures of 600 0 C or less, and it is possi- 
ble to form a highly pure oxide film. 

Embodiment Examples 

Hereinbelow, embodiment examples will be ex- 
plained using the Figures. 

Figure t is a conceptual diagram of an appara- 
tus showing an embodiment example of the 
present invention; it depicts an apparatus for for- 
ming an oxide film on a semiconductor at low 
temperatures. 

The apparatus 1100 for forming low-tempera- 
ture oxide films comprises an oxidation furnace 
1101, an oxidation furnace heater 1102, a piping 
system 1103 comprising piping 1103a and mass 
flow controllers (MFC) 1103b - 1103e, and piping 
heater 1104. Gas introduction port 1105 and gas 
exhaust port 1106 are attached to oxidation heater 
1101, and pressure regulator 1107 is attached to 
the piping of gas exhaust port 1106 so that it is 
possible to conduct oxidation processing under 
high pressure. 

First, the method of generating water vapor will 
be explained. Nitrogen, argon, oxygen, and hy- 
drogen gases are supplied to piping system 1103, 
and the flow rates thereof are controlled by MFC 
1103b - 1103e respectively. The water vapor is 
generated by heating the piping 1103a having an 
atmosphere containing an arbitrary concentration of 
oxygen gas to a temperature within a range of 
200 "C - 600 °C using heater 1104, and adding an 
arbitrary concentration of hydrogen to piping 
1 103a. The hydrogen is dissociated by the catalytic 
action of the stainless steel pipe, and may be 
completely dissociated if it is present at low con- 
centrations, so that for example, it is possible to 
generate 1% of water vapor with respect to a 
hydrogen concentration of 1%. 

Next, an example of a method for oxide film 
formation at low temperatures will be explained. 
The water vapor which was generated in accor- 
dance with the above outline in the case of humidi- 
fication oxidation under normal pressures is sup- 
plied, in the form of, for example, a mixed gas with 
oxygen, from gas introduction port 1105 to oxida- 
tion furnace 1101. The temperature within oxidation 
furnace 1101 is controlled so as to be 600 *C or 
less by means of heater 1102, and humidification 
oxidation at low temperatures takes place. Here, 



the oxidation temperature and the mixing ratio of 
the water vapor and oxygen are variable, and it is 
also possible to add argon or nitrogen. 

Furthermore, when processing under high tem- 
5 peratures, the pressure is set to an arbitrary level 
using the pressure regulator 1107 which is at- 
tached to gas exhaust port 1106, and the pressure 
within oxidation 1101 is placed at a setting value. 
Here, the mixing ratio of the gases and the oxida- 
ze? tion temperature are variable at 600 * C or less. 

Brief Description of the Diagrams 

Figure 1 is a conceptual diagram showing an 
15 embodiment example of the apparatus of the 
present invention. 

Figure 2 is a graph showing the amount of 
water vapor generated when amounts of hydrogen 
in a range of 100 ppm/1% were added to a mixed 
20 gas of 99% argon and 1% oxygen in Embodiment 
1. 

Figure 3 is a graph showing the oxide film 
thickness. 

Figure 4 is a table showing the state Qf the 
25 metal contamination. 

Figure 5 is a graph showing the insulation 
pressure resistance of insulating films of MOS 
formed by means of an embodiment of the method 
of the present invention. 
30 Figure 6 is a conceptual diagram of a standard 

water generating apparatus in accordance with Ex- 
ample 1 . 

Figure 7 shows the results of a measurement 
of water concentration in the gas flowing from a 
35 standard water generating apparatus in accordance 
with Example 1 . 

Figure 8 shows the results of a measurement 
of oxygen concentration in a gas flowing from a 
standard water generating apparatus in accordance 
40 with Example 1. 

Figure 9 is a conceptual diagram of a standard 
water generating apparatus in accordance with Ex- 
ample 2. 

Figure 10 is a conceptual diagram of a stan- 
ds dard water generating apparatus in accordance 
with Example 3. 

Figure 11 is a conceptual diagram of a stan- 
dard water generating apparatus in accordance 
with Example 4. 
so Figure 12 is a conceptual diagram of a stan- 

dard water generating apparatus in accordance 
with Example 5. 

Figure 13 shows the results of a measurement 
of water concentration in a gas flowing from a 
55 standard water generating apparatus in accordance 
with Example 5. 

Figure 14 shows the results of a measurement 
of hydrogen concentration in a gas flowing from a 
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standard water generating apparatus in accordance 
with Example 5. 

Figure 15 is a conceptual diagram of a stan- 
dard water generating apparatus in accordance 
with Example 6. 

Figure 16 is a conceptual diagram of a stan- 
dard water generating apparatus in accordance 
with Example 7. 

Figure 17 is a conceptual diagram of a stan- 
dard water generating apparatus in accordance 
with Example 8. 

(Description of the References) 



1100 apparatus for forming low-tem- 
perature oxide films, 

1101 oxidation furnace, 

1 102 oxidation furnace heater, 

1103 piping system, 
1103a piping, 

1 103b-1 103e mass flow controllers (MFC), 

1104 piping heater 

1 105 gas introduction port, 

1 106 gas exhaust port, 

1 107 pressure regulator. 

101 mass flow controller (MFC), 

1 02 mass flow controller, 

1 03 mass flow controller, 

104 mixing pipe, 

1 05 reactor, 

106 optical dew-point meter (water 
concentration meter), 

107 galvanic battery type oxygen 
analyzer, 

200 reactor, 

400 reactor, 

401 mass flow controller, 

500 reactor, 

501 mass flow controller, 
600 reactor. 



Best Mode for Carrying Out the Invention 

Hereinbelow, embodiments of the present in- 
vention will be given. 

(Embodiment 1) 

In Figure 2, the amount of water vapor gen- 
erated when an amount of hydrogen within a range 
of 100 ppm - 1% was added to a mixed gas of 
99% argon and 1% oxygen is shown. Here, the 
temperature of the piping was within a range of 
200 s - 400 * C. 

This indicates that hydrogen can be dissoci- 
ated by means of the catalytic effect of stainless 
steel even at temperatures below 700 * C, the com- 
bustion temperature of hydrogen, and can be reac- 



ted with oxygen to form water vapor. Furthermore, 
the Figure shows that dissociation is complete at a 
temperature of 450 * C. 

5 (Embodiment 2) 

Figure 3 shows the oxide film thickness when 
oxidation was conducted at a temperature of 
600 *C and for a period of one hour, in a gas 

w comprising 99% oxygen and 1% water vapor, 
where the oxidation pressure was a normal pres- 
sure, and an elevated pressure of 3 kg/cm 2 . For the 
purposes of comparison, a case was also consid- 
ered in which an oxide film was formed in a con- 

15 ventional quartz oxidation furnace at identical oxi- 
dation temperatures and periods, in a gas com- 
posed of solely oxygen and at normal pressures. 

This indicates that the speed of oxidation is 
increased by adding water vapor to oxygen, and 

20 that the speed of oxidation is further increased by 
higher pressures. 

(Embodiment 3) 

25 The state of metallic contamination of an oxide 
film formed in a conventional quartz furnace and 
oxide film in accordance with the method of the 
present invention were compared. The oxidation 
conditions were identical to those described in Em- 

30 bodiment 2, respectively. The results are shown in 
Figure 4. 

In the case in which the method of oxidation 
employing a conventional furnace was employed, 
Cu contamination was particularly notable; how- 

35 ever, the case in which the oxidation method of the 
present invention was employed exhibited reduced 
contamination, apart from Cr. Comparing the two 
cases, it can be seen that metallic contamination 
was completely suppressed by the use of the oxi- 

40 dation method in accordance with the present in- 
vention. 

(Embodiment 4) 

45 The insulation pressure resistance characteris- 
tics of MOS diodes employing an oxide film formed 
in a conventional quartz furnace, and an oxide film 
formed at low oxide film temperatures by means of 
the present invention, are shown in Figure 5. 

so As described above, by means of the use of 
the apparatus for forming low-temperature oxide 
films in accordance with the present Embodiment, 
it is possible to form an oxide film at low tempera- 
tures, and it is possible to form a highly pure oxide 

55 film. 

Hereinbelow, examples of a water generating 
method and apparatus will be discussed. These 
may be applied to Embodiments 1 - 4. 
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(Example 1) 

The present Example refers to the case in 
which an arbitrary water concentration is generated 
using a mixed gas of oxygen, hydrogen, and argon; 5 
a conceptual diagram of the apparatus is shown in 
Figure 6. As shown in Figure 6, the flow rate of the 
oxygen gas is controlled by mass flow controller 
(MFC) 101, the flow rate of the hydrogen gas is 
controlled by mass flow controller 102, and the flow w 
rate of the argon gas is controlled by mass flow 
controller 103; the three types of gases pass 
through mixing pipe 104 where they are mixed, 
and are introduced to reactor 105. In reactor 105, 
the hydrogen and oxygen are reacted, and a mixed 75 
gas of hydrogen and argon containing an arbitrary 
amount of water is generated. An SUS 31 6L stain- 
less steel pipe (the inner surfaces of which were 
subjected to electrolytic polishing) having a diam- 
eter of 1/4" and a length of 2m was used as 20 
reactor 105, and a reduction in reaction tempera- 
ture was realized using the catalytic action of the 
inner surface of the stainless steel pipe. 

The flow rates of the hydrogen gas and the 
argon gas were set at, respectively, 50 cc/min and 25 
450 cc/min using mass flow controllers 102 and 
103, and varying only the flow rate of the oxygen 
gas within a range of 0.1 - 10 cc/min using mass 
flow controller 101, three types of mixed gases 
were introduced into the reactor, and the water 30 
concentration and oxygen concentration contained 
in the mixed gas of hydrogen and argon flowing 
from the reactor were measured using an optical 
dew-point meter (water concentration meter) 106 
and a galvanic battery type oxygen analyzer 107. 35 
The hydrogen, oxygen, and inert gasses employed 
were all super pure gasses having an impurity 
concentration of 1 ppb or less. The temperature of 
reactor 105 was maintained at 300 *C over the 
entire length thereof. 40 

The results of this measurement are shown in 
Figures 7 and 8. The horizontal axis indicates the 
oxygen concentration in the mixed gas of hydro- 
gen, oxygen, and argon, and the vertical axis in- 
dicates the hydrogen concentration in the gas flow- 45 
ing from reactor 105. In Figure 8, the horizontal 
axis indicates the oxygen concentration in the gas 
supplied to reactor 105, and the vertical axis in- 
dicates the oxygen concentration flowing from re- 
actor 105. From the results of Figure 7, it can be 50 
seen that water was detected in the gas flowing 
from the reactor at a concentration which was twice 
the oxygen concentration which was supplied to 
reactor 105. The water generation concentration 
was within a range of 100 ppb - 2%. 55 

Figure 8 shows that no matter what the con- 
centration of oxygen supplied to reactor 105, ab- 
solutely no oxygen was detected in the gas flowing 



from reactor 105. That is to say, it was found that a 
complete reaction of the hydrogen and oxygen 
occurred in the reactor, and the water which was 
generated depended on the oxygen concentration 
supplied to reactor 105. 

From these facts, it was determined that in the 
present Example, it was possible to generate a 
mixed gas containing an arbitrary concentration of 
super pure water by means of adjusting the oxygen 
concentration supplied to reactor 105 using mass 
flow controller 101. 

In the present Example, the temperature of 
reactor 105 was set at 300 *C; however, even an a 
temperature of 100*C, identical results were ob- 
tained, and it was found that when stainless steel 
materials were used in reactor 105, any tempera- 
ture within a range of 100*C - 500 *C was appro- 
priate for use for the temperature of reactor 105. 

In the above Example, 100% facility piping 
super pure gasses were used as the hydrogen, 
oxygen, and argon (inert gas) gasses; however, it is 
also possible to use gas tanks having a 100% 
concentration of these gases, or mixed gas tanks. 

Furthermore, the temperature of reactor 105 
was set to 300 °C; however, this temperature is 
closely related to the flow rate of supplied gasses 
and the volume of the reaction pipe (reaction time), 
so that there are cases in which the temperature 
may be less than 300 * C. 

Furthermore, SUS 31 6L material was used as 
the material for the reactor in the present Example; 
however, any metal may be used insofar as it has 
a catalytic action which permits a lowering of the 
temperature of reaction between hydrogen and 
oxygen. For example, Hastelloy, nickel, platinum, 
or the like may be used. Furthermore, the entirety 
of the reaction pipe need not employ metal having 
a catalytic action; it is acceptable if such metal is 
used in only a portion of the reaction pipe, for 
example on those surfaces which are in contact 
with gas. 

(Example 2) 

In the present Example, the interior of the 
reactor is filled with catalytic metal in order to 
reduce the reaction temperature of hydrogen and 
oxygen gas; a reactor 200, comprising the reactor 
of Example 1 provided with platinum fiber catalytic 
material, is employed. A conceptual diagram of the 
apparatus is shown in Figure 9. Other points are 
identical to those in Example 1. It was confirmed 
that a complete reaction of the hydrogen and oxy- 
gen took place even when the temperature of the 
reactor 200 was 200 ■ C. 
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(Example 3) 

In the present Example, a dilution apparatus is 
provided upstream from the mass flow controller 
for hydrogen gas supply, thus making it possible to 
supply hydrogen gas at low concentrations, and to 
reduce the water concentration which is generated. 

When this concentration is reduced, the re- 
lease of water from the inner walls of the piping or 
the reactor cannot be ignored. In particular, when 
the temperature of the piping or reactor changes, 
the amount of water released from the inner walls 
changes, so that it is impossible to conduct water 
generation at stable concentrations. In the present 
Example, the entirety of the water generating ap- 
paratus is disposed within a constant temperature 
bath, and the amount of water released from the 
inner walls of the piping or the reactor is main- 
tained at a constant level. A conceptual diagram of 
the apparatus is shown in Figure 10. 

Other points are identical to those of Example 
1. As a result of conducting an evaluation identical 
to that of Example 1 , it was confirmed that because 
it was possible to reduce the concentration of hy- 
drogen gas which was supplied, water generation 
became possible within a concentration range of 
from 10 ppt to 2%, in comparison to the concentra- 
tion range of water generation of Example 1, which 
was 100 ppb - 2%. 

Furthermore, it was confirmed that by maintain- 
ing the water generating apparatus at an arbitrary 
constant temperature, both water generation at 
concentrations of 2% or more and water generation 
at stable low concentrations was possible. 

(Example 4) 

In the present Example, gas containing an ar- 
bitrary amount of generated water can be supplied 
at a arbitrary flow rate; a conceptual diagram there- 
of is shown in Figure 11. As in Example 1, a mass 
flow controller 401 is provided downstream from 
reactor 400 together with a blowoff pipe 402 for 
blowing off a portion of the gasses flowing from the 
reactor in order to maintain the pressure between 
the mass flow controller 401 and the reactor 400 at 
a constant level. 

Other points are identical to those of Example 
1. By using the apparatus shown in Figure 11, it 
was possible to control the flow rate of the gas 
containing water, and to supply gas containing an 
arbitrary water concentration at an arbitrary flow 
rate. For example, in the case in which the full 
scale of mass flow controller 401 was 100 cc/min, it 
was confirmed that flow rate control was possible 
within a range of from 0.1 to 100 cc/min. When the 
full scale of mass flow controller 401 was 2L/min, it 
was confirmed that flow rate control was possible 



within a range of 2 cc/min - 2 L/min. 
(Example 5) 

5 In the present Example, by adjusting the hy- 

drogen concentration, the water concentration 
which is generated is adjusted. In Examples 1 
through 4, an excessive hydrogen concentration 
was supplied, and the water concentration was 
10 determined by the oxygen concentrations; how- 
ever, here, in a state in which the oxygen con- 
centration was excessive (in the present embodi- 
ment, an oxygen concentration of 10%), the water 
concentration flowing from reactor 500 was con- 
;5 trolled by means of the hydrogen concentration 
which was supplied. In contrast, in the present 
invention, the reactor temperature was set to 
400 *C. A conceptual diagram of the apparatus is 
shown in Figure 12. The results of the evaluation 

20 are shown in Figures 13 and 14. It can be seen 
from the results of Figure 13 that water was de- 
tected in the gas flowing from reactor 500 at a 
concentration which was equal to the hydrogen 
concentration supplied to reactor 500. The con- 

25 centration of water generated was within a range of 
100 ppb - 1%. From the results of Figure 14, it can 
be seen that absolutely no hydrogen gas was de- 
tected in the gas flowing from reactor 500 no 
matter what the concentration of hydrogen supplied 

30 to reactor 500. That is to say, a complete reaction 
of the hydrogen and oxygen occurred in reactor 
500, and water was generated in proportion to the 
hydrogen concentration supplied to reactor 500. 
It can be seen from these facts that the ap- 

35 paratus of the present Example is applicable to an 
apparatus for generating a mixed gas containing an 
arbitrary amount of super pure water by controlling 
the hydrogen concentration supplied to reactor 500 
in the apparatus of the present invention using 

40 mass flow controller 501 . 

Furthermore, it was confirmed that the present 
Example was applicable to an apparatus for gen- 
erating a mixed gas containing an arbitrary amount 
of super pure water even when the ratio of hy- 

45 drogen flow rate to oxygen gas flow rate was 2 to 
1. 

(Example 6) 

so In the present Embodiment, the hydrogen gas 

or oxygen gas remaining in the gas containing 
water which is generated is removed; in the case in 
which, as in Examples 1 - 5, one or the other 
hydrogen gas or oxygen gas is in excess during 

55 the reaction, there are cases in which this exces- 
sive hydrogen or oxygen component remains in the 
gas containing the water which is generated. Ac- 
cordingly, a refining apparatus 601 which is ca- 
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pable of selectively removing hydrogen or oxygen 
is installed downstream from reactor 600, and the 
apparatus supplies gas containing an arbitrary wa- 
ter concentration and which does not contain hy- 
drogen or oxygen; this apparatus is shown in Fig- 5 
ure 15. The generation of a gas containing only 
water, and neither hydrogen or oxygen, was con- 
firmed. 

(Example 7) 10 

The present Example relates to a standard 
water generating apparatus provided with a gas 
stopping function; Figure 16 shows a conceptual 
diagram of this standard water generating appara- /5 
tus which is provided with metal stop valves, in 
consideration of cases in which it is desirable to 
stop the gases, with respect to Examples 1 - 6. 
The generation of a gas containing an arbitrary 
amount of water was confirmed. 20 

(Example 8) 

In the present Example, in order to accelerate 
the startup of the standard water generating ap- 25 
paratus, the interior of the standard water generat- 
ing apparatus is purged with an inert gas, or at 
least a portion of the standard water generating 
apparatus is subjected to baking; the structure of 
the apparatus is identical to that shown in Fig. 11, 30 
and is depicted again in Fig. 17. The stable gen- 
eration of a gas containing 1 ppm of water was 
confirmed within 30 minutes from the startup of the 
standard water generating apparatus. 

Furthermore, at this time, in the case in which 35 
plastic materials are completely eliminated from 
the portions in contact with gas, and only metallic 
materials are employed, and furthermore, passiva- 
tion processing is conducted with respect to the 
metallic surfaces, only an extremely small amount 40 
of gases are released from the surfaces (water, 
hydrocarbons, and the like), and it becomes possi- 
ble to generate more highly pure water with a 
higher degree of precision and within a broader 
concentration range (ppb - %). 45 

Such passivation processing may be conduct- 
ed by, for example, the thermal treatment, in an 
oxidizing or weakly oxidizing atmosphere having an 
impurity concentration of a few ppb or less, of SUS 
31 6L which has been subjected to electrolytic 50 
polishing or electrolytic composite polishing (as in, 
for example, Japanese Patent Application No. Sho 
63-5389 (Japanese Patent Application, First Pub- 
lication No. Hei 2-85358), and PCT/JP92/699 
(W092-21786), and Japanese Patent Application 55 
No. Hei 4-164377). 

It should be particularly noted that such pas- 
sivated films, in addition to the fact that an ex- 



tremely small amount of water is released from the 
surfaces thereof, have surfaces which themselves 
act to create hydrogen and oxygen radicals. Ac- 
cordingly, the use of a reactor pipe having such 
passivated films on the inner surfaces thereof is 
extremely effective in generating water with high 
precision. In this way, the fact that it is not the base 
material itself, but rather the oxides of the base 
elements formed on the surface thereof, which 
possess the catalytic action capable of creating 
hydrogen and oxygen radicals, is not easily under- 
stood, and is surprising; in the present invention, 
skillful advantage is taken of characteristics such as 
the small amount of water released from the sur- 
faces, and this catalytic action. 

Industrial Applicability 

In accordance with the present invention, semi- 
conductors or metals can be oxidized in a highly 
pure atmosphere and at low temperatures. The 
effects of crystal defects in the silicon substrate or 
warping or twisting of the silicon wafer can be 
suppressed, and more productive processes be- 
come possible. Furthermore, it is to be expected 
that by reducing the temperature of the oxidizing 
process, a simplification of the semiconductor man- 
ufacturing line will occur. 

Claims 

1. An apparatus for forming low-temperature ox- 
ide films, characterized in that in an apparatus 
for forming oxide films at low temperatures, the 
following are provided: an oxidation furnace 
possessing a gas supply port and a gas ex- 
haust port; a heater for heating said oxidation 
furnace to an arbitrary temperature; and a gas 
supply system disposed upstream of said oxi- 
dation furnace and provided with a mechanism 
for adding an arbitrary quantity of water or a 
mechanism for generating an arbitrary quantity 
of water. 

2. An apparatus for forming low-temperature ox- 
ide films in accordance with Claim 1, char- 
acterized in that said gas supply system is 
provided with a heating mechanism for heating 
at least a portion to an arbitrary temperature. 

3. An apparatus for forming low-temperature ox- 
ide films in accordance with one of Claims 1 
and 2, characterized in that said oxidation fur- 
nace, said gas supply system, and junction 
portions thereof and the like all comprise me- 
tallic materials, and diffusion of impurities from 
the outside is completely eliminated. 
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4. An apparatus for forming low-temperature ox- 
ide films in accordance with one of Claims 1 
through 3, characterized in that inner surfaces 
of said oxidation furnace and said gas supply 
system are covered with a thermal oxide pas- 5 
sivated film. 

5. An apparatus for forming low-temperature ox- 
ide films in accordance with one of Claims 1 
through 4, characterized in that parts such as w 
piping, couplings, valves, mass flow controllers 

and the like employed in said gas supply sys- 
tem all comprise stainless steel. 

6. An apparatus for forming low-temperature ox- 15 
ide films in accordance with one of Claims 1 
through 5, characterized in that a water gen- 
erating apparatus provided in said gas supply 
system is capable of generating an arbitrary 
amount of water at temperatures of 500 * C or 20 
less by means of the catalytic reaction of hy- 
drogen and oxygen. 



10. A method of forming low-temperature oxide 
films in accordance with Claim 9, characterized 
in that a sample is oxidized using oxygen and 
water vapor at a temperature of 700 °C or 
below in the thermal oxidation process. 

11. A method of forming low-temperature oxide 
films in accordance with one of Claims 9 and 
10, characterized in that said gas supply pro- 
cess is conducted at water concentrations 
within a range of 0.1 - 5%, and oxygen con- 
centrations of 1% or more. 

12. A method of forming low-temperature oxide 
films in accordance with one of Claims 9 
through 1 1 , characterized in that by construct- 
ing said oxidation furnace and said gas supply 
system of metallic materials, said thermal oxi- 
dation process is conducted under conditions 
of high purity, and under high pressures of 1 
kg/cm 2 or more. 



7. An apparatus for forming low-temperature ox- 
ide films in accordance with one of Claims 1 25 
through 6, characterized in that by means of 
controlling the flow rate of gases flowing 
through said gas supply system using mass 

flow controllers, it is possible to supply a plu- 
rality of varieties of gases to said oxidation 30 
furnace at arbitrary mixing ratios. 

8. An apparatus for forming low-temperature ox- 
ide films in accordance with one of Claims 1 
through 7, characterized in that water supplied 35 
from said gas supply system can be supplied 

to the interior of said oxidation furnace without 
dew condensation. 



9. A method of forming low-temperature oxide 40 
films, characterized in comprising: a gas sup- 
ply process for supplying a gas containing 
water and oxygen to the interior of an oxidation 
furnace of an apparatus for forming low-tem- 
perature oxide films, comprising an apparatus 45 
for forming oxide films at low temperatures 
provided with an oxidation furnace having a 
gas supply port and a gas exhaust port, a 
heater for heating said oxidation furnace to an 
arbitrary temperature, and a gas supply sys- 50 
tern disposed upstream of said oxidation fur- 
nace and provided with a mechanism for pro- 
viding an arbitrary amount of water or a 
mechanism for generating an arbitrary quantity 
of water; and 55 

a thermal oxidation process for heating 
and oxidizing a sample within said oxidation 
furnace. 
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Fig. 2 
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Fig. 3 
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Fig. 4 



Conventional Example 
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Fig. 5 
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Fig. 7 
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Fig. 8 
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Fig. 10 
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Fig. 14 
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